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THE decline of the eastern barred bandicoot (Perameles gunnii) on the mainland in south-eastern Australia has been well-documented (Seebeck 1979; Moon 1984; Brown 1989) . Habitat loss, predation by domestic and feral cats (Felis catus), domestic dogs (Canis lupus familiaris), and the red fox (Vulpes vulpes), are thought to have played a significant role in the decline of wild populations (Seebeck 1979; Brown 1989; Seebeck et al. 1990 ). The species also occurs in Tasmania, where it is still quite common, and where until recently V. vulpes was absent. P. gunnii has suffered some range contraction in Tasmania in areas where extensive land clearance has been undertaken (Mallick et al. 1997 ). On mainland Australia, P. gunnii once occupied grasslands and grassy woodlands from Melbourne, Victoria, to south-eastern South Australia, but is now restricted to a single mainland population in and around the city of Hamilton in south-western Victoria. The Hamilton population has declined to the extent that it is now considered 'functionally extinct ' (Reading et al. 1996) , and although efforts to conserve this population continue, the focus of recovery efforts has largely shifted to ex situ breeding and establishing reintroduction sites within the species' former range in Victoria.
The first reintroduction of P. gunnii occurred in 1989 at Gellibrand Hill Park (now known as Woodlands Historic Park) approximately 20 km north-west of Melbourne. Subsequent releases of captive bred animals have occurred at a further six sites in western Victoria, with varying success (M. Watson, pers. comm.) . Despite ongoing predator control at release sites, predation is believed to be largely responsible for the post-release loss of bandicoots at reintroduction sites. For example, of 20 bandicoots released at the Cobra Killuc Wildlife Reserve near Mortlake, 225 km west of Melbourne, in December 1998 and July 1999, half fell prey to V. vulpes, most within seven days of their release (D. Howard and F. Bedford, pers comm.).
Between April 1989 and December 1992, 88 P. gunnii (43 male, 45 female) were released at Woodlands Historic Park (Dufty et al. 1994) . Postrelease monitoring showed that, on average, only 26% of released animals were known to be alive six months post-release (Dufty et al. 1994) . Despite the relatively low survival rate of the founders, the population increased steadily, and was estimated to be in excess of 600 individuals in November 1993 (Seebeck and Bowley 1994) . Bandicoot numbers then declined dramatically following dry conditions that began in 1996 combined with a reduction in vegetation cover through heavy grazing by eastern grey kangaroos (Macropus giganteus) and European rabbits (Oryctolagus cuniculus). Only two P. gunnii were trapped in August 1998 (J. Seebeck, unpubl. data) . These were removed to a captive colony and it was believed that the population was extinct. However this was not so as bandicoot sign was subsequently observed (J. Seebeck, pers. comm.) and a small number of animals were eventually trapped from November 1999 onwards (Eastern Barred Bandicoot Recovery Team, unpubl. data).
Since that time, kangaroo and rabbit numbers have been controlled and the park's vegetation has recovered substantially. This study examines the immediate post-release survival of 10 P. gunnii released at Woodlands Historic Park during a fox control program. This release was part of the ongoing recovery program and the recovery team selected the site, timing and numbers for release. The success of this release was assessed in the context of the level of fox activity and the effectiveness of fox control measures surrounding the release site.
METHODS

Study site
Woodlands Historic Park is located approximately 20 km north-west of Melbourne, adjacent to the Melbourne Airport. The 645 ha park encompasses a 400 ha grassland reserve known as the 'Back Paddock'. The 'Back Paddock' contains treeless grasslands of mixed native and exotic species; open grassy woodlands dominated by grey box (Eucalyptus microcarpa), yellow box (Eucalyptus melliodora), river red gum (Eucalyptus camaldulensis), and hedge wattle (Acacia paradoxa) and scrubland comprised of sweet bursaria (Bursaria spinosa), A. paradoxa, tree violet (Hymanthera dentata) and drooping she-oak (Casuarina stricta) (Robertson 1985) . The 'Back Paddock' is surrounded by a 1.8 m high fence designed to prevent the movement of V. vulpes into the reserve. When the present study commenced the perimeter fence was being upgraded, and was considered an ineffective barrier to V. vulpes. P. gunnii where released into an area within the 'Back Paddock' of open grassy woodland containing large patches of dense A. paradoxa. This area provides good structural vegetation complexity and previous trapping studies have shown it to be optimal P. gunnii habitat (Jenkins 1998).
Rainfall data was supplied by the Bureau of Meteorology's weather station at the Melbourne International Airport, approximately 2 km west of the 'Back Paddock'. The mean annual rainfall is 557 mm. The rainfall between January and August 2001 was approximately 5% above the average rainfall expected for this period, however 57% of this rain fell over two 3-day periods in March and April. In all other months rainfall averaged 54% below the mean monthly rainfall and monthly rainfall for the baiting period was 24.9 mm.
Bandicoot monitoring
Ten captive-bred adult P. gunnii, five of each sex, were released into the 'Back Paddock' on 11 July 2001. Continuing problems with the attachment of radio-transmitters to P. gunnii have meant that trapping is the only means of monitoring released animals. A 25 ha trapping grid surrounding the release site was established to monitor the released animals ( Fig. 1) . A 'core' 9 ha grid comprised 104 cage traps arranged in eight rows of 13 traps spaced at 25 m intervals. Surrounding this grid was a 'buffer' grid of 76 cage traps arranged in two rows of traps spaced at 50 m intervals. The buffer grid was designed to trap animals that dispersed from the core grid. A single small (490 x 205 x 165 mm) or large (525 x 250 x 250 mm) cage trap baited with a mixture of rolled oats, peanut butter, honey and Nutrigel  (a vitamin and energy supplement) was placed at each trap station. Previous studies have shown that P. gunnii lose weight when repeatedly trapped (M. Watson, pers. comm.), therefore traps were set for two consecutive nights with 2 -4 days between trapping sessions. Seven trapping sessions (comprising 14 nights or 2719 trap-nights) were conducted over five weeks. Traps were set late in the afternoon, and clearing of traps commenced before dawn. Traps were closed during the day.
Each individual had been marked prior to release with uniquely numbered passive implant transponders (Trovan  ) to allow identification. Trapped P. gunnii were identified, weighed, checked for injuries and pouches of females were checked for young. Measurements of pouch young were taken to estimate their age using known growth curves (Heinsohn 1966) . A qualitative indication of adult body condition was obtained by gauging whether the animal had a 'poor', 'fair', or 'good' covering of body fat over its lower lumbar region. P. gunnii that were captured but were not part of this release were deemed to be 'residents'. Un-marked residents (i.e., those that had not been released or trapped during studies prior to this) were also microchipped. A monthly post-release survival rate for the released animals was calculated following Krebs (1999) based on the minimum number of animals known to be alive at the end of the study. A t-test and 95% confidence intervals of the difference between the means were used to examine the maximum weight losses observed for resident and released bandicoots.
Fox activity monitoring
Twenty-nine pads of sand measuring 1 m 2 and 10 cm deep were constructed from 'brickie's sand' (a mixture of sand and clay) and placed within 3 m of a vehicle track. On average, sand-pads were placed 250 m apart along all major and some minor tracks (Fig. 1) . The presence of V. vulpes prints on these sand-pads was recorded to monitor fox activity. Sand-pads were checked for animal tracks every weekday between 0930 and 1330 for 22 weeks between 16 March and 17 August 2001. Tracks were identified and recorded before the sand pad was raked and smoothed over. Any sand-pad that had been the subject of human interference (by park visitors) was excluded from analyses unless animal tracks were still discernible. A paried t-test was used to compare fox activity prior to and during the baiting period by analysing the frequency of activity recorded on each sand pad. V. vulpes scats were opportunistically collected from sand-pads and bait stations during the second half of every month. These were dried and analysed (B. Triggs, Dead Finish, Genoa, Victoria) to identify prey species.
Fox control
Commercially available 1080 baits (Foxoff  , Animal Control Technologies) were deployed in bait stations in an effort to reduce the V. vulpes density to zero and maintain it at this level. Bait stations were constructed in a similar manner to sand-pads, but they were made to a depth of 15 cm, allowing baits to be buried according to Department of Natural Resources and Environment guidelines (NRE 1999) . Twenty-eight bait stations were constructed in May 2001. They were spaced 180 m apart on average, and located on major and minor tracks and along the inside of the 'Back Paddock' boundary fence ( Fig. 1 ). Parks Victoria had previously undertaken intermittent fox control using a combination of Foxoff  and 1080 poisoned liver baits.
Foxoff  baits were first buried between 10 and 14 May 2001. Bait stations were checked each weekday for 14 weeks until 17 August. Baits taken by V. vulpes were replaced as needed and animal tracks on stations were recorded. Baits in all stations were replaced every two weeks until 10 July; after this, all baits were replaced weekly, since the baits were becoming very wet, presumably making them less attractive to V. vulpes. Periods of Foxoff  baiting were interspersed with periods of baiting with 1080injected deep-fried liver. Records of V. vulpes on bait stations were assigned to one of two categories; bait taken or bait exposed. Bait was categorised as having been 'exposed' if it had been dug up but not removed from the station. V. vulpes sign (tracks only) on bait stations was also recorded.
RESULTS
Bandicoot monitoring
Post-release survival
Seven of the 10 P. gunnii, four males and three females, were known to be alive at the end of the trapping period. However, two of these animals, both males, had been returned to captivity three weeks after release due to the concerns of Melbourne Zoo staff about their welfare (see weight loss section below). We can not speculate as to whether these animals would have survived had they remained at the study site. A further individual, a female, was captured four months after the completion of the present study during a Parks Victoria monitoring program in the same area. The fate of the other two animals is unknown; a male was never trapped, and a female, who was captured regularly in the nine days after release, was not re-captured thereafter (see weight loss section below). This gives an observed rate of immediate post-release survival of 0.64/month. At the completion of the study the two males that were removed from the study by zoo staff had recovered and were re-released at Woodlandstheir fate remains unknown.
There were 61 bandicoot captures from 2719 trap-nights (2.2/100 trap nights). The number of recaptures per individual ranged from 2 -6 ( x = 4.0 ± 1.4, n = 8) for released animals and 3 -14 ( x = 9.8 ± 4.7, n = 4) for resident animals. Of the 10 released P. gunnii, five were captured by the fourth night of trapping (eight days after release), seven had been captured by the sixth night of trapping, a male was captured for the first time on the eleventh trapping night, nearly a month after release and, as mentioned, a further female was first trapped four months after release. Four resident adult P. gunnii, three males and one female, were also captured and all of these individuals were alive at the conclusion of the study. During the last trapping session one of the released females had three pouch young that were estimated to be approximately 20 days old.
Weight loss and condition
Pre-release bandicoot weights were not substantially different to the initial weights recorded for the resident bandicoots (679 ± 114 g, n = 10; 601 ± 63 g, n = 4). Released animals had lost 5 -22% of their body weight by the time of first capture (Figs 2a-b ). By 19 days post release, two males had lost 21% and 24% of their body weight. While the latter male was regaining weight after a 31% loss ( Fig. 2a) both were considered to be in poor condition when examined by staff from the Melbourne Zoo and were returned to captivity. A released female recorded the largest weight loss of 32% over eight days. She was caught on all four nights of trapping following the release but not thereafter. It is possible this female died as a result of her weight loss (Fig. 2b) . The average maximum weight loss (removing the influence of estimated pouch-young weight; Heinsohn 1966) for released animals (17.6 ± 10.2%, n = 8) was significantly greater than that lost by resident animals (7.3 ± 5.1%, n = 4: t = 2.30, d.f. = 9.89, p = 0.04). The estimated 95% confidence interval for the difference between the means was 0.3 -20.2% (i.e., the interval did not include zero).
Weight losses were recorded on 21 of the 25 occasions when P. gunnii were trapped on consecutive nights. The maximum weight loss sustained by a released animal on these occasions (12.5%) was considerably higher than for a resident animal (4.4%). Released animals regained this weight by the following trapping session (2 -4 days later) on two of five occasions and resident animals on seven of 13 occasions. By the end of the study (five weeks after release) the three remaining females weighed in excess of their release weights, and the two remaining males weighed 2% and 10% less than their release weights. The female captured four months after the completion of the study had gained an additional 14% in body weight and the final weights of the resident animals ranged from 11% below to 3% above their initial weights ( x = -4.2%; Fig. 2c ).
All of the released males and one of the resident males suffered fur loss and scratches. In the most severe case, a released male bore numerous superficial scratches and had lost approximately 20% of the fur from his back when caught two weeks after release. This individual had almost fully recovered from these injuries by the end of the study. represented by the triangular symbols was carrying three young when she was last caught. It is estimated these young will have contributed less than 20 g, or 3.4% of her body weight, to her overall weight. The released males that were returned to captivity 19 days after their release are represented by the diamond and triangle symbols. The large drop in weight that is shown for the resident female (represented by the circle symbols) 18 days after release is due to the exit of her two pouch young. 
Fox activity monitoring
Vulpes vulpes were recorded on all sand-pads, with the frequency of visitation to each pad (from 109 weekday monitoring sessions) ranging from 1 to 28 ( x =12 ± 8.6 SD). Fox activity fluctuated throughout the course of the study, although the mean frequency of fox activity on sand pads was significantly higher during the baiting period (0.14 ± 0.11 SE, n = 19) compared to the pre-baiting period (0.08 ± 0.10 SE: t = 2.10, d.f. = 18, p = 0.02). Despite this, two large declines in fox activity were observed in weeks 12 and 16 following slight peaks in bait-take in the previous weeks. The decline in week 16 coincides with the estimated time of death for the three V. vulpes whose carcasses were found in the 'Back Paddock' (see below). It was suspected that some of the variability in the fox activity index may have been due to the condition of the sand-pads; for example very dry sand-pads did not 'hold' tracks well, and on several occasions heavy rain washed away tracks. P. gunnii were also recorded on the sand-pads and bait stations. On average bandicoots were detected on 4.8% of sand pads each week, with activity levels highest on sand-pads and bait stations located near the centre of the trapping grid.
Fox control
Of the 399 poisoned baits laid, 141 (35%) were taken by V. vulpes. Weekly bait-take averaged 7.5% (± 1.2 SE, n = 14, range 1.4 -16.0%). The distribution of bait takes was relatively even across the 'Back Paddock' with only one station never recording a take ( x = 5.0 bait takes, n = 28, range 0 -10). Three fresh adult V. vulpes carcasses, one male and two females, were found during the study (Fig. 1) . None of the carcasses showed any outward signs of disease, and disturbance of the surrounding leaf litter suggested one animal had suffered convulsions; signs consistent with what we would expect for an animal poisoned with 1080.
Fox scat analysis
Forty-five V. vulpes scats were collected from sandpads and bait stations. No bandicoot remains were detected in any scats; O. cuniculus was the most frequently recorded prey species, occurring in 87% of scats (Table 1 ). The remains of common brushtail possums (Trichosurus vulpecula), house mice (Mus musculus), birds, reptiles, insects and plant material were also detected. Although bandicoot remains were not found in the collected V. vulpes scats, a dead P. gunnii, found on an unbaited bait station (prior to the release of the captive-bred animals), provided evidence of V. vulpes predation. V. vulpes prints surrounded the carcass and a post-mortem indicated the P. gunnii had injuries consistent with those typically inflicted by V. vulpes, including a crushed thorax and puncture wounds. 
Food items Proportion of scats
DISCUSSION
Bandicoot survival
The fate of only two P. gunnii remained unclear at the end of the study. The female that was regularly captured in the early part of the trapping program but not thereafter may have died, having lost 32% of her pre-release weight at the time of her last capture. This level of weight loss could have reduced her capacity to forage, maintain body temperature, and evade predators. The second individual, a male, was never caught. It is not possible to speculate about his fate, particularly since, as demonstrated by the female captured after the conclusion of this study, the intensity of trapping undertaken does not ensure the capture of all individuals even if they remain within the study area. This increasing cumulative capture of 'new' individuals over the length of the study, and beyond, has implications for the duration of trapping required if the majority of animals in an area are to be monitored. Resources limited the duration of this study to 5 weeks, however the main aim was to assess immediate post release survival not the longterm success of the reintroduced population. This would require ongoing monitoring to assess the trajectory of the population through time. This monitoring program would be able to determine the reproductive success of the female population and the rate of recruitment. Also, an understanding of the causes of mortality would be useful in determining management actions to reverse any downward trajectories detected.
Weight loss sustained by the released animals may have been caused by limited food resources or by stress associated with their release into an unfamiliar environment. Bandicoot food availability has been related to rainfall (Heinsohn 1966) and, although several very heavy, short periods of rainfall occurred during this study in March and April, these resulted in surface flooding and high water run-off, and the below average conditions experienced in the majority of months may have reduced food availability. However, since the condition of resident P. gunnii ranged from 'fair' to 'good' and these animals suffered only minor weight losses, food shortage in general was probably not severe and the stress of adjusting to a novel environment is likely to have been a more significant contributing factor for the released animals. This stress may have been compounded by the presence of V. vulpes and by territorial disputes with resident P. gunnii as evidenced by the degree of physical injury observed in released males. The weight loss may also partially reflect the greatly increased level of physical exertion captive-bred animals experience in the 'wild' when they have to search for their own food and shelter.
Post-release weight loss has been recorded for captive bred P. gunnii at other Victorian reintroduction sites (Eastern Barred Bandicoot Recovery Team, unpubl. data; Table 2 ). The magnitude of the losses in this study are similar to those observed in two (of five) other releases after a similar time period (9 -14 days; x = 10.8%), although average weight loss increases to 13.9% when the female who was lost from the population after eight days is included in these calculations. The maximum weight loss recorded from P. gunnii at other reintroduction sites ranges from 16 to 20%, compared to 32% in this study ( x = 17.6%). Any difference in weight loss between sites may be an artefact of the variation in site conditions and postrelease trapping effort. In order to minimise disturbance to newly released P. gunnii, post-release trapping at this and other sites has not previously been conducted as intensively as described here (M. Watson, pers. comm.) . As a consequence, past recapture rates have been low, and animals suffering larger weight losses may not have been detected. The stress and lost feeding opportunities that animals experience when they are trapped is unlikely to fully explain the extreme weight losses experienced by released P. gunnii in this study because residents were trapped more frequently but did not suffer similar weight losses (Figs 2a-c) . We do not discount, however, that trap-related weight loss did occur, and that trapping may have contributed to the overall stress experienced by the released animals. The fact that, on close to half of all occasions (2 out of 5 occasions for released animals and 7 of 13 occasions for resident animals), the weight an animal lost when trapped on consecutive nights, was regained by the following trapping session, suggests that the intervening non-trapping period did go some way towards alleviating traprelated weight loss. This technique, probably with an extended non-trapping period, may prove to be of use in future monitoring sessions.
Released males presumably incurred fur loss and scratches through fighting, either amongst themselves or with resident P. gunnii to establish territories or defend access to females (one resident male also lost a patch of fur), and this may have increased their post-release stress. A release of western barred bandicoots (Perameles bougainville) into an established population in Western Australia resulted in some of the released P. bougainville incurring similar, and more serious, injuries which were believed to be the result of intraspecific aggression (J.D. Richards and J. Short, pers. comm.).
Given that fox activity levels remained high during this study, we expected higher levels of bandicoot mortality (measured as losses from the trapping record). Sinclair et al. (1998) related the decline in the Victorian P. gunnii population, between 1975 and 1994, to predation . They argue that the rate of predation increased as the bandicoot population decreased. The obvious end point of this scenario is extinction of the bandicoot population. However, P. gunnii continue to persist at Woodlands Historic Park in low densities in the presence of V. vulpes, and a similar trend is emerging from two other reintroduction sites (M. Watson, pers. comm.). This may be related to the availability of suitable refugia. Theoretically, if predators (namely V. vulpes) persist in the 'Back Paddock' the P. gunnii population may only be able to increase above the current 'refuge level' (assuming no management intervention) if predator numbers decline following the depletion of their primary food source (in this case O. cuniculus, Table 1 ) or when the quantity of bandicoot refugia increases (Gause 1934). For example, the P. gunnii population 'crash' at Woodlands in 1996-1998 was attributed, in part, to overgrazing of ground-cover by kangaroos and rabbits which decreased the available refugia for bandicoots, and probably created a lower 'refuge level'. It follows that P. gunnii numbers would also increase (all other conditions being favourable) if V. vulpes are eliminated from the system (or numbers significantly reduced) by control measures.
Fox activity and control
Prior to our fox-baiting program at Woodlands, we anticipated that it would be possible to reduce the level of fox activity in the 'Back Paddock' to near zero. Despite the investment of considerable resources into control measures, fox activity, measured as the percentage of V. vulpes sign on sandpads, did not decline. We believe this can be attributed to a number of factors.
Firstly, the location of Woodlands Historic Park (on the urban/rural fringe of Melbourne) predisposes it to having a high density of V. vulpes. In urban Melbourne, V. vulpes densities have been reported as being between 3 and 16 animals per square kilometre (Marks and Bloomfield 1999) , and in temperate Victorian grazing areas V. vulpes densities have been estimated at nearly four animals per square kilometre (Coman et al. 1991) . Woodlands is surrounded by a combination of privately-owned housing, farmland, and government-owned property, including the Melbourne Airport, all of which are likely to harbour V. vulpes. None of these neighbours regularly conduct fox control programs and therefore a decline in the V. vulpes population at Woodlands is likely to create vacant habitat that is readily filled by V. vulpes from adjoining territories or by dispersing individuals. Meek and Saunders (2000) observed the shifting and relocation of fox home ranges in coastal New South Wales, and hypothesise that the departure of V. vulpes from adjacent habitat may have triggered this in some cases. They highlight the implications this has if fox control efforts in an area are not maintained. Fox control at Woodlands has been hampered by the deteriorating condition of the predator control fence surrounding the 'Back Paddock'. This fence has since been upgraded which should significantly increase managements' capacity to suppress V. vulpes.
Additionally, the 'Back Paddock' is relatively small (400 ha) when compared to the home range size of V. vulpes (approximately 60 -130 ha in semiurban Victoria, Coman et al. 1991) meaning that, given the spatial distribution of sand-pads, a single V. vulpes would have been capable of moving over many sand-pads in a night. Therefore, while fox abundance may have decreased during the baiting program the remaining V. vulpes may have roamed widely enough to maintain or even increase the measured level of fox activity.
Our inability to reduce fox activity may therefore be attributed to the high mobility of V. vulpes, the small size of the park and high fox densities on the urban/rural fringe resulting in constant reinvasion from surrounding properties. These factors underscore the need for multifaceted control programs in small reserves, including regularly changing bait types, shooting, fumigation of dens, and the establishment of 'good neighbour' programs to control V. vulpes in surrounding areas. Exclusion fencing in combination with sustained control programs has been successful elsewhere (Robley et al. 2003) .
Given the constantly high level of fox activity, post-release bandicoot mortality (measured as losses from the trapping record) was expected to be higher. Instead, post-release weight loss appeared to be a more significant influence on bandicoot survival. Predation of P. gunnii by foxes may have been reduced by relatively high levels of alternative and familiar food sources for V. vulpes (i.e., O. cuniculus), the continual presence of toxic fox baits and/or the availability of sufficient refugia for the bandicoots. How P. gunnii would have fared if one or more of these conditions were different requires further investigation. The current program of continual releases of captive-reared P. gunnii at sites across Victoria provides an opportunity to further investigate the role of each of these factors as well as the causes of, and potential remedies for, post-release weight loss.
All trapping was carried out under permits supplied by the Victorian Department of Natural Resources and Environment (now the Department of Sustainability and Environment).
